Purpose-To determine longitudinal rates of postoperative adverse outcomes after incisional glaucoma surgery in a nationally representative longitudinal sample.
Glaucoma surgery can effectively reduce intraocular pressure and delay disease progression. [1] [2] [3] [4] Conventional glaucoma filtration surgery (trabeculectomy) has been the mainstay of therapy for patients with elevated intraocular pressure despite maximum tolerated medical therapy and laser trabeculoplasty. Traditional indications for implanting a glaucoma drainage device (GDD) include patients who fail conventional filtering surgery, have significant conjunctival scarring, which can make filtration surgery technically challenging to perform, or in those with uveitic, neovascular, or other forms of glaucoma with an increased propensity for filtration surgery failure. [5] [6] [7] Recent findings from the first year of follow-up of the Tube vs. Trabeculectomy (TVT) study, a multicenter prospective randomized clinical trial of 212 patients, 8 demonstrated comparable intraocular pressure reduction among patients undergoing trabeculectomy and GDD surgery with fewer adverse outcomes among persons receiving the GDDs. Thus, some authorities contend that performing GDD surgery may be appropriate earlier in the course of the disease. 9 To provide additional insight into the choice of surgeries, information about the complications and problems associated with the major glaucoma surgeries would be helpful. In addition, data derived from the use of therapies in the community setting outside of randomized controlled trials is vital to understanding the actual risk and effectiveness profile of medical and surgical treatments. Updating observational analysis using more recent data, 10 this study's main purpose is to ascertain whether postoperative adverse outcome rates for the major incisional glaucoma surgeries (primary trabeculectomy [PT] , trabeculectomy with scarring [TS] , and GDD implantation), obtained from a large nationally representative longitudinal database spanning 15 years, yields findings similar to rates previously reported in smaller observational series and clinical trials. The advantage of this and similar analyses are that the results complement those of randomized controlled trials or single site observational studies, where surgeon-and patient-specific factors, among others, may have a larger impact on results.
Methods

Data
Medicare 5% inpatient, outpatient, Part B, and durable medical equipment claims files were used to identify a nationally representative sample of Medicare beneficiaries aged ≥65 who underwent incisional glaucoma surgery and related adverse outcomes from 1991 to 2005. The data contained information on demographic characteristics as well as diagnosis (International Classification of Diseases, 9th Revision , Clinical Modification) and procedure codes (Current Procedural Terminology ) submitted with each claim. Durable medical equipment claims files, which contained Healthcare Common Procedure Coding System codes, were used to identify beneficiaries requiring low vision aids. Data were linked by a unique identifier, permitting construction of longitudinal, person-specific data from January 1, 1991, through December 31, 2005 . The 1994 to 2003 Medicare 5% claims database contained claims data on 3.3 million beneficiaries, 15.5% of whom were diagnosed with glaucoma (ICD-9 code 365.xx) during this period.
Sample Selection
We selected beneficiaries who underwent 1 of 3 procedures: implantation of a GDD (CPT code 66180); trabeculectomy ab externo in absence of previous surgery (PT, 66170); or trabeculectomy ab externo with scarring from previous ocular surgery or trauma (TS, 66172). Receipt of these procedures established the 3 treatment groups. A given individual could appear in our analysis sample only once, and the procedure we selected for analysis was the first study procedure we found after a 3-year look-back period.
Beneficiaries with claims indicating receipt of any of these procedures together with a glaucoma diagnosis code from January 1, 1991, through December 31, 2005, were identified. We used 2003 as the termination point for entry into the surgery groups to allow for ≥2 years of follow-up after surgery. The GDD group consisted of all beneficiaries who received the procedure during 1994-2003. The TS group included beneficiaries who first obtained a TS during 1994-2003, and for whom no GDD was reported during 1991-2003. The selection procedure for the PT group included those who first had the surgical procedure during 1994-2003, had no prior TS claim, and for whom no GDD was reported during 1991-2003.
We did not include surgeries from 1991 to 1993 because we used claims data for 1991 to 1993 as a 3-year look-back period. To maintain a 3-year look-back period for all sample persons, those who received the marker surgery before age 68 were also excluded from the analysis sample. Treatment groups only included persons aged ≥68 but <96 as of December 31 of the year during which the procedure was performed and did not have a study procedure during the look-back period. Some Medicare beneficiaries joined Medicare risk plans, and claims data were not available for such persons for the times they were enrolled in such plans. We excluded all persons who were enrolled in a Medicare risk plan or resided outside the United States for >12 months during the 3-year look-back period. We also excluded all individuals who had a prior to baseline report of the outcome being analyzed.
Once in the sample, an observation was censored when the person (1) died, (2) left Medicare fee-for-service for a Medicare risk plan >6 months, (3) moved outside the United States in a calendar year, or (4) received a GDD, PT, or TS procedure. Censoring observations after another study procedure was received assured that outcomes could be attributed to a specific procedure and not to procedures received subsequently. In addition, we also censored on any subsequent intraocular procedure (not just a glaucoma procedure) so as to minimize the risk of misattribution to a subsequent procedure. Enrollment data only indicated whether or not the person was in the United States during the calendar year. Thus, persons who were recorded as not being in the United States for the year were censored at beginning of that year. After these exclusions, the samples were 1398, 9719, and 3374, for the GDD, PT, and TS groups, respectively.
Baseline was defined as the date on which the beneficiary underwent a study procedure. Beneficiaries in the 3 treatment groups were followed for 6 years from baseline or until censored.
Outcomes Classification
Adverse outcomes were identified in the database using ICD-9-CM and CPT codes. Adverse outcomes were grouped into (1) severe adverse outcomes, endophthalmitis, rhegmatogenous retinal detachment, tractional retinal detachment, or suprachoroidal hemorrhage; (2) less severe adverse outcomes, choroidal detachment, corneal edema, and hypotony; (3) use of subsequent glaucoma surgical procedures, wound revision, glaucoma drainage implant revision, or cyclodestructive procedures; and (4) development of blindness or low vision defined by use of low-vision aids (Table 1 ; available online at http://aaojournal.org).
Analysis
National longitudinal analysis of outcomes of ophthalmologic procedures was introduced by Javitt et al. 10, 11 More recently, computer software, which more accurately accounts for censoring, has become available. We computed the 1-, 2-, and 6-year cumulative incidence probabilities of adverse outcomes from baseline 12 (SAS 9.0; SAS Inc., Cary, NC). Cumulative incidence reflected time to an adverse outcome and the length of the follow-up period for an individual. Sample sizes did not change by year; we used survival analysis to calculate cumulative incidence.
To assess the role of adverse outcomes before the date of the study procedure and demographic characteristics of the individual, we used a Cox proportional hazards model. Dependent indicator variables were set to 1 if there was a report of a particular adverse outcome among all persons in the sample up to 2190 days after study treatment procedure was performed. The dependent variables were onset of severe adverse outcomes, less severe adverse outcomes, subsequent operations, endophthalmitis, corneal edema, and blindness or low vision.
In the Cox proportional hazards analysis we included covariates for persons who received PT or TS, with GDD the omitted reference group. In addition, we controlled for case mix by including binary explanatory variables for related diagnoses and procedures occurring before date of receipt of the study procedure: severe adverse outcome, less severe adverse outcome, intraocular surgical procedure, age-related macular degeneration, neovascular glaucoma, uveitic glaucoma, narrow angle glaucoma, suspect glaucoma, other glaucoma, diabetic retinopathy, and same-day cataract surgery. The binary variables for prior diagnoses were coded 1 if these codes were recorded for care rendered within 1095 days before baseline. The variables for intraocular surgical procedures were defined from CPT codes listed in Table 2 (available online at http://aaojournal.org). Demographic characteristics were age (at the date of receipt of the study procedure), male gender, black, and other race, with white race as the omitted reference group.
Results
Beneficiaries in the PT and TS were about the same age on average as those in the GDD group (Table 3 ). There were higher proportions of females (P<0.05) and whites (P<0.01) in the 2 trabeculectomy groups than in the GDD group. Before treatment, beneficiaries in the GDD group were much more likely to be diagnosed with age-related macular degeneration and neovascular and uveitic glaucoma than were those in the other groups (P<0.001), but less likely to have been diagnosed with primary open-angle glaucoma. Persons in the PT group were more likely to have had a prior claim with a suspect glaucoma diagnosis code than were persons in the GDD group (P<0.001), whereas persons in the TS group were less likely to have been diagnosed with other glaucoma than were persons in the GDD group (P<0.05). Beneficiaries in the GDD group were more likely to have had a prior claim for a severe (P<0.001) and a less severe adverse outcome (P<0.001) during the 3 years before baseline than were those in the PT and TS groups.
Unadjusted rates of adverse consequences were consistently higher for beneficiaries who underwent GDD surgery than PT and TS groups (Fig 1; Table 4 available online at http:// aaojournal.org). The share of beneficiaries at risk of experiencing ≥1 severe, potentially sight-threatening adverse outcome in the first postoperative year in the GDD group (2.0%) was > 3 times higher than the rate for the PT (0.6%), and more than twice as high as for the TS (0.8%) groups. The rate of less severe adverse outcomes was also higher among the GDD (3.3%) as compared to the PT (1.0%) and TS (1.6%) groups. First-year cumulative incidence risk of endophthalmitis in the GDD (0.4%) was 4 times higher than in the PT (0.1%) and twice that of the TS (0.2%) group. Similarly, 6-year cumulative incidences of serious and less serious adverse outcomes were much higher in the GDD group, 24.4% and 43.0% compared to 8.2% and 13.6% for the PT group, and 11.1% and 23.0% for the TS group. Rates of blindness/low vision were substantially higher for the GDD group than for PT and TS groups in all follow-up years. In the GDD group, 1.1% were identified as being blind or having low vision at year 1. By year 6, 21.2% were identified as being blind or having low vision.
Rates of subsequent operations for glaucoma were similar for the GDD group and the PT group at 1 and 2 years but higher for the GDD group at 6 years. Additional surgery was more likely in the TS than in the GDD group at all time intervals. As defined, rates of wound revision and revision of a GDD are not comparable between the groups.
In the Cox proportional hazards analysis, without and with controlling for other factors, rates of adverse outcomes were lower in the PT and TS groups (Fig 2; Table 5 available at online http://aaojournal.org). With 2 dependent variables, less severe outcomes and corneal edema, controlling for other factors had little effect on the size of the hazard ratios for PT and TS. With the other dependent variables, controlling for other factors appreciably reduced the difference in adverse outcomes for PT and TS. Without controlling for other factors, except for subsequent operations, all hazard ratios on the PT and TS binary variables were statistically significant at the 5% level or better.
Controlling for other factors, the hazards ratios (HR) for severe adverse outcomes among persons in the PT group were lower than for those in the GDD group (HR, 0.49; 95% confidence interval [CI], 0.38-0.62) as were the hazard ratios for persons in the TS group (HR, 0.54; 95% CI, 0.42-0.69). The probability of experiencing less severe outcomes was also lower for the PT than the GDD groups (HR, 0.33; 95% CI, 0.27-0.39) and for the TS than the GDD groups (HR, 0.49; 95% CI, 0.41-0.59). Persons in the TS group were more likely to have subsequent operations (HR, 1.23; 95% CI, 1.01-1.50) than were those who received a GDD implant. Among the remaining outcomes, particularly noteworthy is the difference in probabilities of having corneal edema by glaucoma surgery groups (PT: HR, 0.20 and 95% CI, 0.16-0.26; TS: HR, 0.34, and 95% CI, 0.27-0.44).
Among the other clinical explanatory variables, the most consistent statistically significant findings were for cataract on the same day as the GDD, PT, and TS surgeries. The hazard ratios for having cataract surgery on the same day ranged from 0.43 (95% CI, 0.29-0.65) to 0.64 (95% CI, 0.57-0.72). Hazard ratios for the other clinical variables were statistically significant at the 0.05 level in not more than 3 of the 6 regressions.
Among the results for the demographic variables, the most notable differences in adverse outcomes were for blindness/low vision. Blacks were much more likely to experience this adverse outcome than were whites (HR, 1.73; 95% CI, 1.43-2.09).
Finally, we also performed 2 additional analyses to address concerns specific to use of claims data. First, we assessed the rate at which beneficiaries did not receive any additional eye care visits outside of the 90 days postoperative period. In all 3 groups, this was less than 4% of all participants. Most importantly, there was no difference among the groups, minimizing the risk that differences in outcome could be due to (differential) ascertainment bias. Second, in sensitivity analysis, we extended the look-back period to 6 years to reduce the risk that an adverse outcome from 1 surgery (TS or GDD) was due to a misattribution of risk to a PT (and PT in the case of GDD) surgery in the fellow eye. The results of this analysis showed that the patterns in relative rates and proportions among the 3 surgery types did not change, but the reduced sample size made some of the differences nonsignificant statistically.
Discussion
This study documented adverse outcomes after GDD implantation, PT, and TS, using data from a nationally representative, longitudinal sample of US elderly persons. As such, results from the analysis are generalizable to the underlying population of such persons in the Medicare program in the United States. Rates of adverse outcomes after incisional surgery for glaucoma tended to be substantially more common among those who received GDD implants than those who underwent primary trabeculectomies or trabeculectomies with previous scarring. By 6 years after undergoing a GDD procedure among those who remained in the sample for this long, more than two fifths had experienced a less severe adverse outcome. Nearly 30% received a code indicating blindness and/or a low vision aid. Nearly a quarter share had experienced a severe adverse outcome. Even after controlling for the influence of other factors in multivariate analyses, substantial differences in rates of adverse outcomes between GDD, PT, and TS remained.
These results likely reflect the influence of ocular case mix not captured in the variables included in our analyses, information not reported in administrative databases in general. During the time period of analysis, patients would have PT, followed by trabeculectomy with antimetabolites (with scarring), and then potentially undergo GDD. Thus, patients undergoing TS and GDD would be expected to have higher risks for complications owing to their prior surgeries as well as underlying disease(s) status, which is consistent with our results. In addition, we cannot eliminate the risk of misattribution of adverse events in the case of GDD (and even TS) arising from an adverse event in the fellow eye with a prior TS, although we reduced this risk by the 3-year look-back in the study and in the additional sensitivity analysis using a 6-year look-back described above.
External validation of the findings in this study can be seen in the results of clinical trials and limited site observational series in the literature (Table 6 and Table 7 [available online at http://aaojournal.org]). [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Earlier studies of outcomes after trabeculectomy procedures reported rates of endophthalmitis ranging from 0.2% in 1240 patients followed for 1 year 33 to 1.2% in 26 551 eyes undergoing full thickness filtering surgery within a 6-year period. 10 Retinal detachment rates ranged from 0.2% in 435 eyes with trabeculectomies followed up for 7 years 1 to 2.4%, 10 whereas cyclodestructive procedures were between 1.9% and 2.6%. 10 Ruderman et al 34 reported a 2% rate of suprachoroidal hemorrhage in 500 trabeculectomies. Our findings are similar to the 1-year rates reported in the other studies. However, the rates we report for a 6-year period sometimes exceed those reported by others. This difference most likely reflects a difference in study methodology. Using a measure of adverse outcomes observed over a 6-year period divided by the number of persons undergoing the study procedure at baseline resulted in much lower rates of adverse outcomes than reported in this article.
Three other studies have compared GDDs with trabeculectomies. 8, 14, 18 All were based on small samples (ranging from 112 to 223 eyes), and conducted at a few sites. In 2, which were conducted in Saudi Arabia and Sri Lanka, no statistically significant differences were observed in rates of complications associated with the 2 treatments. 14, 18 In recent results from the TVT study in the United States, endophthalmitis and suprachoroidal hemorrhage were more common at 1 year among patients undergoing trabeculectomies relative to persons undergoing GDDs. 8 Case mix variation was reduced in the TVT study by using screening criteria and in the other 2 studies by randomizing treatment among consecutive cases. The TVT study reported associations between both the occurrence and number of postoperative complications and vision loss at 1 year (P<0.001). 8 Our study results thus supplement the data from the TVT study in reporting actual community use of the 3 glaucoma surgery techniques. The relative rate of endophthalmitis among GDD and TS patients after the first year are of note. Our results demonstrate much lower rates of endophthalmitis among TS patients than those with GDD. Even with adjustment for type of diagnosis and prior surgeries and with censoring of cases after any subsequent intra-ocular procedure (which could occur after an unrelated surgery in the fellow eye, resulting in a conservative bias to the resulting rates), rates of endophthalmitis remained higher in the GDD group. In trying to understand this result, we note that surgeries analyzed in this study were performed in the 1990s during the early dissemination of such GDD surgeries as well as when they were reserved for patients in extremis after having had multiple other glaucoma surgeries. Such factors are likely to be incompletely accommodated in our analyses. There is also the risk that a "sterile" endophthalmitis arising from an inflammatory reaction arising from the surgery or use of specific materials in a "ripcord" (if used) would be coded presumptively as an infectious endophthalmitis. Alternatively, these results may indicate an under-appreciated concern with the use of tube surgeries that bears additional analyses.
Only 1 previous study 21 used Medicare claims data and then only for 1 year. Procedure rather than diagnosis codes were used to identify adverse outcomes, which makes a comparison with our study findings difficult. Rates of retinal detachment, endophthalmitis, cyclodestruction, and tube revision were lower in our study than in theirs. However, our methodology of calculating cumulative incidence differed from theirs, and our 1-year follow-up period was longer, making the 2 studies even more difficult to compare. Another study reported associations between both conjunctival erosion (P<0.01) and age <18 years (P<0.05), and endophthalmitis at 1 year after GDD surgery. 13 Ophthalmologists are increasingly opting for GDD surgery in complicated cases of glaucoma. 5, 6, 35, 36 As we move forward, we might expect to see a decrease in the complications rates if, as we surmise, most of the differences in rates with GDD and TS compared with PT are due to case severity differences as opposed to the use of the devices themselves.
There are a number of advantages to using a large administrative database to study rates of surgical adverse outcomes. Unlike the clinical studies that collect data from 1 or a few specific sites, the Medicare 5% claims database provides a nationally representative sample of elderly Americans with glaucoma. Second, although it is often challenging to recruit large numbers of patients for clinical trials and observational series, using administrative databases, researchers can study adverse outcome rates on large numbers of persons. The larger sample size enables easier study of rates of infrequent adverse outcomes such as endophthalmitis. Third, the longitudinal nature of these data allows for much longer and more uniform follow-up of individual cases than do most clinical or observational studies. Fourth, we can capture the care provided by all practitioners and not just that of the primary surgeon and his or her referrals, including those "lost to follow-up" in clinical observational series. Finally, although many of the smaller clinical series report the outcomes of 1 or a few participating surgeons, this analysis contains the collective outcomes of many surgeons, and is thus not biased by factors such as surgical technique, surgeon experience, or patient case mix.
We acknowledge several limitations, many of which are noted earlier. First, claims are filed with the purpose of obtaining payment rather than to document details of the clinical encounter. For claims data to be useful, clinicians must not only accurately identify the adverse event of interest, they must also use the proper code(s) to bill for it. Second, there is no attribution as to the cause of a given adverse outcome. As the rates of a variety of other intraocular procedures are high among Medicare beneficiaries, particularly cataract surgery, 37 some of the adverse outcomes we document may have occurred as a result of other diseases or procedures used to treat them.
Studies have compared medical records with claims data, but not for the procedures included in our study. Javitt et al 11 have previously demonstrated the utility of claims data in assessing associations between rare adverse outcomes and surgical procedures in the case of cataract surgery. Studies of other diseases have reported lower sensitivity (range, 70%-77%) than specificity for claims data (specificity, ~90%). [38] [39] [40] We would not expect there to be a difference in coding levels for the 3 kinds of surgery compared here. Third, GDD surgery has historically been restricted to patients who have already failed or are more prone to failing traditional filtering surgery. 35 As noted, differences in unmeasured case severity may explain the differences we observe in rates of adverse outcomes. Although we controlled for many important case mix factors using logistic regression, data limitations may have prevented us from being able to fully account for differences noted preoperatively.
Fourth, even by pooling data across 10 years, the GDD sample was rather small. Finally, because this analysis was generated using Medicare claims data, it may not adequately generalize to other populations, such as persons <68 and elderly persons in the Veterans Administration system. Fifth, our data were censored owing to entry into a Medicare risk plan or moving outside the United States.
In sum, although severe adverse outcomes are uncommon after filtering surgery for glaucoma, risk of adverse outcomes is higher after GDD as compared with PT surgery and TS surgery. Importantly, rates reported in this study are generally comparable with those reported in clinical trials and observational studies; the TVT study, for example, shows evidence that GDDs and trabeculectomies are about equally effective for medically uncontrollable glaucoma over a 1-year follow-up. 41 Use of administrative databases, as suggested by other authors, 11, 42, 43 are likely to provide an important tool for monitoring the long-term complications of glaucoma and eye surgery. Most important, this study does not assess the benefits of glaucoma surgery in the preservation of useful eyesight. Analyses of blindness and significant visual impairment have been performed with administrative databases such as Medicare [44] [45] [46] ; however, such codes represent only the most severely affected individuals. We cannot determine how many patients had useful eyesight that was saved by the surgery. From a clinical perspective, the decision to undergo surgery is based on an assessment of both the likely benefits of surgery and the possible adverse consequences of such surgery. The use of GDDs and TS are innovations in the last 30 years that have allowed many patients to undergo sight-saving surgery that they would not have had before their use. As such, the rates of adverse consequences seen in the literature should be reviewed with this in mind. Cumulative incidence (Table 4) . (♦) GDD = glaucoma drainage device; (■) PT = primary trabeculectomy; (▲) TS = trabeculectomy with scarring. Hazard ratios (HR), 95% confidence intervals (CI) from Cox proportional hazards models of adverse outcomes. GDD = glaucoma drainage device is the omitted reference group; PT = primary trabeculectomy; TS = trabeculectomy with scarring. Cumulative Incidence Probability of New Adverse Outcomes n/a n/a n/a n/a n/a n/a Blindness/Low Vision Ophthalmology. Author manuscript; available in PMC 2013 February 19.
